1. We recorded extracellularly from 1045 neurones in area 17 of seven monocularly deprived kittens and we employed careful sampling techniques to examine the effects of removing the signals from the non-deprived eye on the proportion of cells responding to stimulation of the deprived eye.
1. We recorded extracellularly from 1045 neurones in area 17 of seven monocularly deprived kittens and we employed careful sampling techniques to examine the effects of removing the signals from the non-deprived eye on the proportion of cells responding to stimulation of the deprived eye.
2. Monocular deprivation itself produced a pronounced over-all change in the ocular dominance of neurones in favour of the experienced eye, but both between animals and even between different samples of cells in individual animals there were marked variations in the magnitude of the effect.
3. Monocular deprivation starting immediately at the time of natural eye opening and lasting for several weeks reduced to about 10 % the proportion of cortical neurones influenced through the deprived eye. Enucleation of the experienced eye did not then produce a significant increase in the proportion of cells responsive to the deprived eye.
4. Monocular deprivation lasting 3 days or more and beginning at 5 weeks of age, after normal binocular vision, also shifted ocular dominance substantially: 11-27 % of neurones responded through the deprived eye. Enucleation of the experienced eye or topical anaesthesia of the optic nerve resulted in a substantial recovery of input from the deprived eye: up to 78 % of the cells responded.
5. In such animals the majority ofneurones that recovered input from the deprived eye had receptive field properties qualitatively similar to those ofnormal cortical cells. Recording in a single penetration both before and after enucleation (or optic nerve block) suggested that the orientation preferences of cells with recovered input followed the same sequence as was originally present for the non-deprived eye.
6. Recovery of input occurred in all cortical laminae in which cells were recorded, even in layer IV, and mainly took the form ofan expansion ofalready existing clusters of cells driven by the deprived eye.
7. Spontaneous activity tended to increase after enucleation. 8. The results indicate that monocular deprivation after a period of normal binocular vision leaves subthreshold but functionally organized synaptic input from the deprived eye on cortical cells, which is revealed when activity arising in the retina of the non-deprived eye is abolished.
* Present address of both authors.
INTRODUCTION
Monocular deprivation from early in life until after the end of the so-called sensitive period results in an almost complete loss of the influence of the deprived eye on cortical neurones outside layer IV in both the cat (Wiesel & Hubel, 1963) and the monkey (Baker, Grigg & Von Noorden, 1974) . In layer IV of both cat (Shatz & Stryker, 1978) and monkey Blakemore, Garey & Vital-Durand, 1978) there remain patches ofneurones that can be driven by the deprived eye. Within layer IVc the positions of these clusters of neurones excitable through the deprived eye correspond well with the zones of termination of lateral geniculate axons carrying afferent activity from that eye, as revealed by transneuronal autoradiography (Shatz & Stryker, 1978; Hubel, Wiesel & LeVay, 1977) . After the end of the sensitive period, these effects cannot be reversed by simply re-opening the deprived eye, or even by simultaneously closing the other (reverse suturing) (Hubel & Wiesel, 1970; Blakemore & Van Sluyters, 1974; Hoffmann & Cynader, 1977; Blakemore et al. 1978) .
Much shorter periods of monocular lid suture from the time of eye opening until 4-5 weeks of age also result in a substantial loss of functional input to the cortex from the deprived eye in both kittens and baby monkeys (Hubel & Wiesel, 1970; Blakemore et al. 1978; Blakemore, Vital-Durand & Garey, 1981) . At that stage reverse suturing results in a pronounced recovery of the functional connexions from the initially deprived eye (Blakemore & Van Sluyters, 1974; Movshon, 1976; Mitchell, Cynader & Movshon, 1977; Olson & Freeman, 1978; Blasdel & Pettigrew, 1978; Blakemore et al. 1978 Blakemore et al. ,1981  LeVay, Wiesel & Hubel, 1980) which, in baby monkeys, is well correlated with an expansion of the shrunken zones of afferent termination from the originally deprived eye (Blakemore, Garey, Henderson, Swindale & Vital-Durand, 1980; LeVay et al. 1980 ; Swindale, Vital-Durand & Blakemore, 1981) .
In kittens even very brief periods of monocular deprivation starting at the height of the sensitive period (4-5 weeks), after a period of normal vision in both eyes, can profoundly reduce the deprived eye's effectiveness in driving cortical neurones (Olson & Freeman, 1975 Movshon & Dfirstelar, 1977) . These effects are also sensitive to the procedure of reverse suture (Blakemore, Van Sluyters & Movshon, 1976; Van Sluyters, 1978) .
Much more rapid recovery of functional input from the deprived eye has been described after enucleation of the normal eye (Kratz, Spear & Smith, 1976) , even in animals deprived from natural eye-opening until after the end of the sensitive period. Since reverse suturing causes no clear functional recovery of input this stage, Kratz et al. (1976) suggested that spontaneous activity from the experienced eye (which is eliminated by enucleation but not by simple closure of that eye) somehow inhibits input to the cortex from the deprived eye. However, other studies either failed to confirm this effect of enucleation in animals monocularly deprived for a long period of time (Blakemore & Hillman, 1977; Van Sluyters, 1978) or demonstrated only partial recovery even with the deprived eye open for a year after enucleation (Hoffmann & Cynader, 1977) .
Although only 3-4 weeks of monocular deprivation in monkeys cause a redistribution of geniculate afferents to layer IV of the cortex (Blakemore et al. 1980 ; LeVay 464 RECOVERY OF SYNAPTIC INPUT TO VISUAL CORTEX et al. 1980; Swindale et al. 1981) , we know rather little about the mechanisms by which very brief deprivation causes rapid silencing of input from the deprived eye to all layers of the cortex. In this study, we looked at some of the features of the changes produced by deprivation, concentrating mainly on animals that had been allowed ribimal binocular vision for 4-5 weeks prior to quite brief monocular occlusion.
METHODS

Preparation
The preparation of animals was similar to that described by Blakemore & Van Sluyters (1975) . Animals were initially anaesthetized with I.M. Ketamine for venous cannulation, and then maintained on i.v. steroid anaesthetic (Althesin) for the rest of the surgical preparation. For recording, the animals were paralysed by i.v. infusion of Gallamine triethiodide (Flaxedil; 10 mg kg-' h-1) and were anaesthetized by hyperventilation with about 80 % N20/20 % 0a mixture. C02 was added to the inspired gas mixture to maintain the end-expiratory CO2 at about 4-5 %, the value found in relaxed, unanaesthetized cats. E.k.g. and e.e.g. were continously monitored and the anaesthetic state was judged to be satisfactory if there was virtually continuous slow-wave activity in the e.e.g. and if normally mildly painful stimuli, such as pinching a paw, failed to elicit clear changes in e.e.g. or heart rate. For single unit recording alone this regime of hyperventilation with about 80 % N20 is usually adequate to maintain anaesthesia, although some animals require supplementation after a few hours. The present experiments, however, involved further surgical manipulations and we therefore routinely gave an additional i.v. infusion of Nembutal (0 5 mg kg-' h-'). Eye movements were minimized by the relaxant infusion and by bilateral section of the cervical sympathetic nerve trunks. Rectal temperature was monitored continuously and maintained at 37 'C.
The pupils were dilated with topical atropine methylsulphate, and the lids and the nictitating membranes retracted with phenylephrine. The corneae were protected with zero power contact lenses, covered with 3 mm artifical pupils. The eyes were focused by additional spherical correcting lenses on a tangent screen 57 cm in front of the animal, the refractive state ofeach eye being judged by direct ophthalmoscopy.
Recording and stimulation
Single unit recordings were made with glass-coated tungsten micro-electrodes (Merrill & Ainsworth, 1972) with 12-20 ,um exposed tips. Action potentials were amplified, displayed and audio-monitored in the conventional manner.
For plotting of receptive fields visual stimuli were back-projected on the tangent screen. The projections of the areae centrales were plotted on the tangent screen by using an ophthalmoscope with a reversing prism (Eldridge, 1979 
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C. BLAKEMORE AND M. J. HAWKEN 3 = Strong. The cell responded well to every presentation of the stimulus. 4 = Very strong. The response to the optimal stimulus was unusually brisk. Although the exact criteria for distinguishing between these categories, especially between 2, 3 and 4, are hard to define (involving consideration of maximum impulse frequency and total number ofimpulses) the judgements were in fact easy to make: two experimenters asking separate estimates were almost always in agreement.
Enucleation
Anaesthesia was deepened even further by acute i.v. administration of Althesin anaesthetic for surgical enucleation. In addition the orbital tissues were infiltrated with local anaesthetic (Xylocaine). The eye was removed after clamping the central retinal artery in the optic nerve directly behind the globe. Recovery from deepened anaesthesia could be judged by return of high-amplitude slow-wave e.e.g. activity and the cessation of periodic e.e.g. spikes on a flat base line typical ofdeep Althesin anaesthesia. Recovery, using these criteria, was usually complete within about 30 min but took about an hour in one case.
Aspiration of the retina
In one animal the anterior half of the non-deprived eye was removed by making an equatorial incision and the vitreous body and the entire retina were quickly aspirated. The remainder of the globe was then collapsed around a plug of cotton wool to minimize bleeding.
Local block of the optic nerve
In some animals a fine stainless steel hypodermic tube (o.d. 0-52 mm) was introduced into the eye through a hole of about the same size trephined through the sclera on the upper-temporal aspect of the globe just behind the ciliary body. The tube was held in a ball and socket arrangement that allowed it to be orientated and advanced into the eye, while it was viewed through an ophthalmoscope, until its blunt tip rested lightly on the centre of the optic disc. The entry point of the tube into the eye was carefully chosen such that the tube did not obscure the area centralis, and therefore did not occlude the receptive fields of cortical neurones under investigation, when it was in place over the optic disk. The tube was insulated except for about 1 mm at the tip and was used as the cathode for monoplar stimulation of the optic nerve. The evoked compound action potential was recorded at the optic chiasma by a pair of concentric electrodes (outer conductances earthed) inserted through a small craniotomy. Records of the compound action potential elicited by suprathreshold stimulation of the optic disk allowed direct monitoring of the effects of local anaesthetic injected on to the optic disk through the stimulation tube. Block of the entire nerve was obtained by a single injection of 50 #1 of Xylocaine (5 %) on to the optic disk. We checked the evoked response at intervals to be sure that blockage was maintained throughout the remainder of the experiment.
Hi8to10gy
In each micro-electrode penetration two or three electrolytic lesions were made (3-4 1sA for 5 s, tip negative) to aid subsequent recognition of the electrode track. At the end of the experiment the animal was given an overdose of Nembutal and was perfused through the heart with isotonic saline followed by 10 % formol-saline solution. Vibratome sections (100 jm) were cut in a plane parallel to the electrode tracks and sections stained with Cresyl Violet. Camera lucida drawings of the sections were made and the electrode penetrations were reconstructed, so that the positions of the recorded cells could be assigned to cortical laminae using the cytological criteria of Otsuka & Hassler (1962) .
RESULTS
Sampling
The produces a difference of similar magnitude to the change in response ascribed by Kratz et al. (1976) to the effects of removing the non-deprived eye! Clearly one must be extremely careful in the design of experiments aimed at revealing small changes in the ocular dominance distribution from one condition to another. One way of providing an internal control for the variability found in samples is to record from virtually the same population of neurones before and after the experimental manipulation, and that is what we tried to do.
Strategy
To obtain large samples of neurones from each animal before and after the experimental procedure the following procedure was usually adopted. An initial oblique penetration of 3 mm was made through grey matter; isolated individual neurones were sampled at regular (100± 10 jm) intervals and the response through each eye separately determined in order to obtain an ocular dominance distribution.
A second penetration was then made, which was parallel to the first and usually about 0 5 mm away, again through about 3 mm of cortex. During this penetration, the non-deprived eye was kept covered while each cell was isolated and its responsiveness to the deprived eye determined. Every neurone whose action potential could be isolated was studied. After every 250 ,sm, the next cell found was first stimulated through the deprived eye alone but then the non-deprived eye was uncovered and the receptive field of the neurone in that eye carefully plotted. From this second penetration, then, we not only obtained a sequence of units isolated and studied with the non-deprived eye covered but we also gained an impression of the progressions of ocular dominance and also of orientation preferences in the nondeprived eye from the properties of these cells studied through both eyes every 250,m. These initial properties of neurones in the track could then subsequently be compared with those of cells recorded during withdrawal of the electrode after enucleation or anaesthetization of the optic disk of the non-deprived eye.
At or near the bottom of the second track, we searched for a well-isolated unit that showed promise of being particularly stable, and we attempted to follow its response In most of the animals we made a third parallel penetration, close to the second track, and sampled neurones at 100 #um intervals, determining their responsiveness to the remaining deprived eye. From the three penetrations we obtained an estimate of the responsiveness of about 100 neurones before and another 100 after the experimental procedure.
Deprivation from the time of natural eye opening An assessment of responsiveness through the deprived eye before and after enucleation was made in one animal (K645), deprived of vision in the right eye from the time of natural eye opening until 180 d of age. Nine percent of the 109 neurones recorded prior to enucleation responded through the deprived eye ( Fig. 2; Table 1 ), the percentage of responsive neurones being the same in both penetrations made prior to enucleation. This result agrees well with previous findings (Wiesel & Hubel, 1963; Hubel & Wiesel, 1970; Olson & Freeman, 1975; Kratz et al. 1976) , where 0-10% of neurones responded through the deprived eye in cats deprived from birth until after the end of the sensitive period.
Of the 100 units recorded during withdrawal from track L2 and in penetration LU, following enucleation of K645's experienced eye there was a small increase (by 6 %) in the proportion of responsive neurones to 15 %. Within the critical track L2 the increase was by only 4 %. A similar result was obtained from two further animals, although the sample size was smaller than for K645 (Table 1) . Thus under the experimental conditions used in these experiments, we were unable to confirm the result of Kratz et al. (1976) , who found a much more substantial increase in the proportion of neurones driven by the deprived eye after enucleation.
The receptive field properties of the few neurones driven through the deprived eye, encountered before or after enucleation, were similar in that most neurones had non-oriented receptive fields ( Table 2 ). All of the neurones driven through the non-deprived eye had orientation-selective receptive fields in that eye. The responsiveness of cells driven through the deprived eye was relatively low (one or two on the responsiveness scale; Fig. 2 (100) covered all categories. Thus, although some neurones had input from the deprived eye there was no convincing increase in number, responsiveness or receptive field specificity after enucleation of the non-derived eye.
Monocular deprivation after a period of normal visual experience Effects of enucleation of the non-deprived eye Two animals were given normal binocular visual experience before right-eye lid suture at 5 weeks of age; then after a period of monocular deprivation, enucleation was carried out during an acute recording experiment. One kitten was deprived for only 3 d (K690), but this was sufficient to produce a pronounced reduction in the percentage of neurones driven through the deprived eye in the initial sample (Fig. 3, dominance histogram for the penetration and below that is the responsiveness distribution for these cells, as in Fig. 1, showing Table 1 ). Enucleation of the non-deprived eye resulted in an unequivocal increase in the number of neurones driven through the deprived eye, from 24 to 80 %. This confirms the result of Van Sluyters (1978) .
It is clear from penetration L2 (Fig. 3 ) that the increase in the proportion of neurones driven through the deprived eye was due not simply to an increased proportion of cells being recorded within previously responsive zones, but to the appearance of responsive units in regions of the track that, during descent, were entirely lacking in units and even in unresolved background activity driven through the deprived eye. (The presence of background 'swish' is indicated by thickened bars along the right hand ordinate in each penetration reconstruction.) However, the most responsive clusters of cells found during withdrawal (at depths of about 0 7, 1-6 and 2-5 mm) coincide with small groups of responsive units found in the same penetration before enucleation. There seems to have been a general increase in excitability to input from the deprived eye, which has led to an enlargement of the responsive patches and an enhancement of responsiveness at the centre of each patch.
In a second animal (K640), which had binocular visual experience until 5 weeks of age and then 155 d of monocular deprivation, enucleation again resulted in a substantial increase in the number of neurones responsive to stimulation through the deprived eye (Fig. 3) . In the two penetrations before enucleation, 20% of the cells encountered were driven by the deprived eye, whereas after enucleation 53 % were driven (Table 1) . Thus about a third of the neurones recorded seemed to regain a functional input as a result of enucleation. A comparison of the ascending and descending phases of penetration L2 (Fig. 3 ) makes a number of points. In the first 700 ,um of the descending phase of the penetration, where many neurones responded to stimulation through the deprived eye even before enucleation, there was little change in the responsiveness of the population following enucleation. In contrast, the number of responsive neurones from 700 ,um to the end of the penetration increased dramatically after enucleation. Only three out of forty-five cells sampled below 700 #sm responded through the deprived eye before enucleation, while after enucleation twenty-five from a sample of forty-four responded. Of these twenty-five neurones, fifteen were driven reliably by visual stimulation (responsiveness class 2 or more).
Perhaps because so few units below 700 #sm were initially responsive the enhancement and enlargement of pre-existing clusters is not as clear in K640 as in K690. Certainly some distinct new groups of responsive cells (e.g. around 2-3 and 3-4 mm) have appeared in regions that previously were entirely unresponsive.
Nearly all the neurones driven through the deprived eye both before and after enucleation, in the two kittens allowed normal experience before monocular lid-suture, were selective for stimulus orientation. In Fig. 4 , on the left, we have reconstructed, in the style of Hubel & Wiesel (1974) , the sequence of preferred orientations encountered during penetration L2 in K690. Different symbols are used for the preferred orientations plotted through: (1) the deprived eye during descent (open triangles); (2) the non-deprived eye during descent, sampled approximately every 250 ,um (open circles); (3) the deprived eye during withdrawal, after enucleation of the other eye (filled circles).
The agreement of sequences of orientation is quite good for all three sets of data and is particularly significant between receptive fields studied on the way down and Fig. 4 . On the left, sequences of preferred orientation are plotted against distance in the penetration for K690. During the descending phase of the penetration (unfilled symbols) the preferred orientation of the receptive field was determined for any selective cells responding through the deprived right eye (A) and, every 250 jum, for the left eye too (0) when that eye was uncovered. The preferred orientations in the remaining right eye for neurones recorded after enucleation (0), during the withdrawal phase of the penetration, are also plotted. On the graph to the right each point plots the preferred orientation in the right eye (r.e.) of each neurone recorded after enucleation against the preferred orientation in the left eye (0) or the right eye (A) recorded before enucleation at roughly the same depth in the cortex (± 100 Mom along the track). Only cells which were separated by 100 pum or less are included in the plot. descending phase of the penetration. Note that the orientation sequence for the deprived eye is as well correlated with the original sequence for the other eye as it is with that for the same eye detected during descent. This strongly suggests that not only the same population of cortical neurones was being sampled in both phases of the penetration but that, more importantly, the new receptive field properties appearing in the deprived eye were very similar to those possessed in the other eye by the same or nearby neurones before enucleation. Crewther, Crewther & Pettigrew (1978) have suggested that the effects of enucleation depend on both removal of the activity of retinal ganglion cells in the non-deprived eye and elimination of the sensory input from the receptors ofthe extra-ocular muscles or elsewhere in periocular tissue. To test whether cessation of ganglion cell activity alone can be sufficient to produce an increase in the proportion of neurones driven through the deprived eye in briefly deprived kittens, we blocked transmission in the optic nerve of the non-deprived eye. Our strategy here was slightly different from that already described: in this case every cell, although first isolated and visually stimulated with the deprived eye alone open, was then studied through the non-deprived eye, giving a complete sequence of ocular dominance for the penetration.
In a kitten (K706) deprived for 7 d from 5 weeks, we recorded a sample of neurones in a single penetration before local block. As is shown in Fig. 5 , 23 % of the neurones were responsive to stimulation through the deprived eye, although all but one of the neurones were dominated by the non-deprived eye. 50 #1 of Xylocaine was locally applied directly to the optic disk of the non-deprived eye through the implanted stimulating cannula. Following the injection, we watched the potential evoked at the optic chiasma to optic disk stimulation until the response was completely eliminated, indicating total block of the activity of retinal ganglion cell axons. After complete block had been established we sampled cortical neurones during withdrawal of the electrode along the same track. There was a doubling of the percentage of cells responsive through the deprived eye ( Fig. 5; Table 1 ). Although we sampled each neurone that could be isolated during the withdrawal in this penetration, almost exactly the same increase in the proportion of cells driven through the deprived eye is found if the analysis is confined to cells recorded during ascent with locations closest to the position of those cells sampled during the descending phase (46 % when all cells are included and 47 % for the depth matched sample). As in the two enucleated kittens (K640 and K690), nearly all cells responsive through the deprived eye in K706, both before and after local block, were orientation-selective through the deprived eye and showed receptive field properties that were similar to those in the other eye at the same recording site. This result suggests that a major part of the increase in the proportion of responsive neurones found after enucleation (at least in our briefly deprived preparation) can be produced by simply removing the activity of retinal ganglion cell afferents from the normal eye.
On the other hand, a second kitten (K700) in which we produced local block of the optic nerve, did not show such rapid recovery, judged by the withdrawal sample in penetration LI shown in Fig. 6 : the initial increase was by only 6 %. However, in a second penetration (L2), confined to the cortical layers above layer IV, and made 20 h after the induction of local block, at a stage when the local anaesthetic was certainly still effective and conceivably more completely so than during the first few hours, 38 % of the sample were responsive to stimulation through the deprived eye. Enucleation of the experienced eye before withdrawal along this track did not Fig. 2) . Those recorded before enucleation are marked as unfilled circles, those recorded after enucleation as filled circles.
produce any further significant increase in the proportion ofresponsive neurones. This at least confirms that the effects oflocal block ofthe optic nerve are no less substantial than those caused by full enucleation, though in this case some hours of blockade were needed for maximum change.
Laminar analysi8
In animals monocularly deprived from the time of natural eye-opening, the remaining functional input from the deprived eye to the cortex is mainly restricted to layer IV (Shatz & Stryker, 1978) . In the penetrations made before enucleation, in the kitten deprived from birth (K645), the responsive cells were indeed almost exclusively limited to layer IV (Fig. 7) . After enucleation, during withdrawal of the electrode along penetration L2, there was no change in the location, and no obvious expansion, of the patches of responsive neurones. In the final penetration, L3, there were a few responsive cells in the upper layers.
reconstructions of the electrode tracks. On the right, the second pair of reconstructions show the descending and withdrawal phases of another penetration in the same animal. The descending phase was made 20-27 h after local block of the optic nerve and at the end of this track the left eye was enucleated. The withdrawal phase started 30 h after the initial optic nerve block. Below are the responsiveness distributions and the electrode track reconstructions including the marking lesions. Details as for Fig. 2 . Histological reconstructions were made as described in Methods. w.m. = white matter.
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C. BLAKEMORE AND M. J. HA WKEN In the two kittens (K690 and K640) allowed normal binocular vision before deprivation and in which there was a substantial change in the number of responsive neurones after enucleation, the increase was not restricted to any one lamina. For example, as shown in Fig. 8 , for all penetrations in K690 (3 d deprived) only 17 % of the cells recorded 'in layers 11+Ill were responsive to stimulation through the deprived eye before enucleation, while after enucleation 70 % were responsive (five 1 mmV out of twenty-nine compared with twenty-one out of thirty). In layer IV, 26%°/ of the sample were responsive initially and 78 %/ responsive after enucleation (fourteen of fifty-three and forty-three of fifty-five respectively). For this animal we did not obtain large enough samples from layers V and VI to make a valid comparison. Within penetration L2 alone, where direct comparison of much the same population can be made, one of fourteen neurones in layers 1+III was responsive before enucleation while eight of twelve were responsive subsequently. A similar pattern is seen in layer IV where thirteen of forty-three (30 %/O) cells were responsive before enucleation and thirty-eight of forty-six (83 %/O) responsive after enucleation.
The second animal (K640), allowed normal experience prior to monocular deprivation, again showed an increased proportion of responsive cells in all layers that were adequately sampled, as shown in Fig. 9 , although the details were slightly different.
On the downward phase of penetration L2, in the first 700 ,sm many of the recorded neurones were already responsive (nine of fifteen, 60%°O), which is unusual, although the over-all downward penetration showed only 21 % of the cells responsive to stimulation through the deprived eye. Even so, after enucleation there was an increase to 90 %/ in the proportion of responsive cells in layers II + III. Within layer 480 RECOVERY OF SYNAPTIC INPUT TO VISUAL CORTEX IV, 9 % of the cells were responsive prior to enucleation, while after enucleation 52 % were responsive (n = 34 and 33 respectively). Combining the results from all three penetrations gives a similar result. In layer V, none of the ten cells recorded in L2 was responsive before enucleation while five of nine recorded during withdrawal were responsive.
- ~~L3 
Spontaneous activity
We measured the spontaneous activity of neurones recorded both before and after enucleation or optic nerve anaesthesia in five of the animals. Table 3 indicates that there was a trend for the cells recorded after enucleation to have higher rates of spontaneous activity than those recorded before enucleation. This was also the case after the application of local anaesthetic in K706, but not in K700 (in which recovery of input from the deprived eye was also less impressive; see Fig. 6 ). Interestingly for the four animals that were allowed visual experience prior to deprivation, there is a loose correlation between the magnitude of recovery of deprived eye input and the degree of increased spontaneous activity, suggesting that the re-appearance of responsiveness through the deprived eye is associated with an over-all increase in excitability of cells. 
DISCUSSION
Abolition of activity arising from the retina of the experienced eye can uncover synaptic input from the deprived eye onto cortical neurones in monocularly deprived kittens. However, in the experiments described here, significant recovery offunctional input occurred only in animals that had been allowed normal binocular experience prior to lid suture. Recovery of functional input to stimulation through the deprived 482 RECO VERY OF S YNAPTIC INPUT TO VISUAL CORTEX eye has been described in detail for the penetrations in which we sampled neurones on the descending phase (prior to experimental manipulation) and on the ascending phase (after the experimental manipulation). The recovery observed in each penetration L2 was confirmed when the comparison of the percentage of neurones driven by the deprived eye before and after enucleation was made from penetrations LI (before) and L3 (after) in the two cats K690 and K640. We consider it unlikely that mere descent and ascent of the micro-electrode in the same track would have resulted in the changes that we have observed after enucleation or local application of anaesthetic to the optic disk. This is supported by the results obtained for K645, monocularly deprived from before the time of natural eye opening. In this case there was only a 4 % increase in the percentage of cells driven through the deprived eye after enucleation when the comparison is made within penetration L2. If the comparison is made between the samples obtained in penetrations LI and L3 then there is a 10 % increase in the proportion of cells responding through the deprived eye after enucleation. In this animal, at least, descent and ascent in penetration L2 has not effectively changed the proportion of cells responding through the deprived eye.
Visual experience lasting a few weeks after lid opening, the period of massive synaptogenesis in the kitten's visual cortex (Cragg, 1975) , seems to lead to a 'consolidation' of organized synaptic input onto cortical neurones. Although this afferent input can still be functionally suppressed by even a few days of monocular deprivation, it nevertheless survives in some form and retains some important elements of its original organization: its efficiency in driving cortical neurones is simply attenuated. Its synaptic efficiency can be increased by removing signals originating in the non-deprived eye. The interpretation ofthis intriguing phenomenon depends on knowledge of the precise speed of recovery (Blakemore et al. 1982 ). The present experiments do not unequivocally demonstrate that the newly responsive cells were previously excitable through the non-deprived eye: they might be a population of neurones that are completely silent when the normal eye is intact but for some reason go undetected during the initial sampling. However, the results described in the following paper (Blakemore et al. 1982 ) make it likely that many of the cells involved were initially responsive through the non-deprived eye.
The degree to which the early stages of maturation of neuronal properties in the kitten's visual cortex can proceed without visual experience (and therefore are indubitably innately determined) is still a matter of controversy, but there is no doubt that cortical neurones are abnormal in their properties in kittens that have been continuously deprived of patterned vision for more than a few weeks (see Movshon & Van Sluyters, 1981) .
So, perhaps it should not be too much of a surprise to discover that the consequences of monocular deprivation starting from the moment of eye opening differ from those of deprivation starting at a time when the cortex is already quite mature, even though the effects on ocular dominance are indistinguishable. In the case of immediate deprivation the afferent input is initially in a poorly specified and ineffective state and the deprived eye receives no patterned stimulation through the major period of cortical synaptogenesis. In the case of late deprivation, the afferent input is initially in a well organized, well specified state before deprivation begins.
16-2 483 C. BLAKEMORE AND M. J. HA WKEN Like Blakemore & Hillman (1977) , Hoffmann & Cynader (1977) and Van Sluyters (1978) we failed to find a convincing and reliable increase in the number of responsive neurones to stimulation ofthe deprived eye immediately after enucleation ofthe other eye, for animals deprived from the time of eye-opening. On the other hand Kratz et al. (1976) have reported an effect in such animals. One possible explanation for the discrepancy in results is the depth of anaesthesia. It seems most likely that our animals, hyperventilated with about 80 % nitrous oxide plus a continuous i.v. infusion of barbiturate (because of the surgical trauma involved in enucleation) were more deeply anaesthetized than Kratz et al.'s (1976) , which were maintained on 75 % nitrous oxide alone. Even in Kratz et al.'s (1976) experiments, the majority of cells regaining input from the deprived eye were extremely weakly driven and the receptive fields were usually non-specific in their properties, just as in the cortex of a normal very young kitten, at the age when Kratz et al. (1976) began their deprivation.
Comparison with reverse suturing
In some respects there are analogies to be drawn between the present phenomenon and the effects of simply closing the normal eye and opening the deprived. To be sure, the time courses of recovery are very different; certainly no more than a few hours in the present case but several days for reverse suturing (Movshon & Blakemore, 1974; Movshon, 1976) . However, there are reasons to believe that there are similarities in the two forms of recovery. For instance, kittens deprived from the time of lid-opening until 4-5 weeks do show recovery of input after reverse suturing, but there is evidence that initially the receptive fields acquired in the originally deprived eye are non-oriented like those seen by Kratz et al. (1976) after enucleation: even when they eventually gain orientation selectivity in that eye, the preferred orientation can differ considerably from that in the other eye (Blakemore & Van Sluyters, 1974; Movshon, 1976) . On the other hand, reverse suturing after monocular deprivation of later onset leads to a more rapid re-establishment of orientation preference, quite closely matched to that in the other eye, as we have seen in briefly deprived animals subjected to enucleation (Van Sluyters, 1978) . We think, then, that both reverse suturing and enucleation of the normal eye, in animals deprived after 4-5 weeks of normal vision, unmask existing but weak synaptic input from the deprived eye.
Laminar and columnar analysis
When a micro-electrode advances obliquely through the cortex of a briefly monocularly deprived kitten it tends to encounter neural background or single units that can still be activated through the deprived eye in distinct small zones that occur with fairly regular periodicity along the track (Figs. 1, 3 , 5 and 6). Presumably these are reflexions of radial extensions of activity from regions of termination of afferent axons in layer IV that are shrunken, as in animals deprived from birth (Shatz & Stryker, 1978) . The increase, after enucleation, in the proportion of cells responding to the deprived eye is due mainly to expansion of these pre-existing zones, so that responses of cells in the centre of each cluster tend to become stronger and previously unresponsive cells outside the edges of the cluster start to respond (e.g. Fig. 3 ). But there is also an appearance of completely new clusters of responsive cells in regions 484 RECOVERY OF SYNAPTIC INPUT TO VISUAL CORTEX where formerly not even background 'swish' could be elicited through the deprived eye (e.g. Figs. 3 and 5) . Kratz et al. (1976) and Spear (1978) reported a similar pattern of distribution of active cells after enucleation in deprived animals, though they were not able to make a direct comparison of the columnar patterns before and after enucleation.
Again like Kratz et al. (1976) we conclude that the process of rapid recovery is not restricted to particular laminae of the cortex. Even in layer IV there is certainly some expansion of influence from the deprived eye (e.g. Fig. 8 ) with a speed much too great, presumably, to be accounted for by the actual growth of afferent axons. We must conclude that brief monocular deprivation after normal binocular vision does not lead to a complete withdrawal of afferent axons from those parts of layer IV that become physiologically dominated by the non-deprived eye. Some subliminal input to layer IV cells must survive outside the shrunken zones of influence.
Why does enucleation cause recovery?
In the following paper we demonstrate directly that brief monocular deprivation leaves weak, surviving input from the deprived eye on cortical neurones. The recovery following enucleation may then depend on a rise in sensitivity of cortical cells. Removing an eye has many consequences, several of which might cause such an increase in excitability. One could be additional activation from the reticular formation (Singer, 1977) provoked by the afferent barrage caused by surgical interference with the orbital contents. Removal of signals from non-retinal, intraorbital receptors, such as those in the extraocular muscles, might play a part, as proposed by Crewther et al. (1978) . However the considerable recovery ofthe deprived eye input after local anaesthetization of the optic disk of the non-deprived eye suggests that mere abolition of retinal activity has substantial effects.
The fact that a much higher proportion of cells recovers input after enucleation than during brief pressure-blinding (Blakemore et al. 1982) implies that the process of increasing excitability often takes more than a few minutes to develop. It is conceivable, then, that removal of some afferent inputs sets up a process of disuse supersensitivity (Sharpless, 1975) causing cortical cells to become more responsive to the remaining weak inputs. Such an effect of de-afferentation in the spinal cord has been elegantly demonstrated by Wall and his colleagues (see Wall, 1977) but it takes some days to come on. Perhaps a similar reaction to de-afferentation occurs much more rapidly in the visual cortex.
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